Supplementary Information Text Supplementary methods.
Strains. The mutant strains used for crossings are listed in Supplementary Table 1 and below. We used DNA bombardment to generate two independent strains harboring an integrated pgcy-32::ins-1(genomic)-VENUS::unc-54 3'UTR transgene. Microparticle bombardment produces single-and low-copy chromosomal insertions and reduces the variation in expression observed from non-integrated transgenes 1 . The transgenic insertions were mapped and outcrossed 8x to generate strains OQ50 II and OQ51 V.
Transgenic males from these strains were crossed with the mutants tested, and F2 progeny genotyped by PCR. A further integrated strain, OQ3, was generated that harbored a pgcy-32::ida-1(genomic)-mCherry::unc-54 3'UTR transgene.
Other transgenes were expressed from multi-copy extrachromosomal DNA arrays.
Transgenes from such arrays may be overexpressed or misexpressed. To control for this, we injected all constructs at a low DNA concentration (10-30ng/ul of the transgene of interest together with punc-122::mCherry at 30ng/ul), and checked at least 3 strains per transgene to confirm there was no major differences in marker expression and distribution between strains.
All transgenes were generated using the three-fragment Gateway system (Invitrogen®). were immobilized using cold 25 mM sodium azide, and mounted on 2% agarose pads for imaging.
2) Imaging: The images for Figure 2B were acquired on a swept field confocal microscope (Prairie Technologies) using a 40x water objective (NA1.1). For the standard 4 quantification procedure, epifluorescence images were acquired on a Zeiss Axiovert 100 microscope using a 60× objective (NA 1.4) and an EMCCD camera (Photometrics) controlled using Metamorph software (Molecular Devices). In each experiment we assayed 4 -12 strains simultaneously. Each strain was assayed 2-3 times independently to acquire 60-120 dorsally oriented animals per genotype. The axon was traced from the axon bend near the PQR cell body to the limits of the field of view using the linescan function in Metamorph 4.5. The local background was subtracted from the signal by measuring autofluorescence along but outside the axon. Traces were the analyzed further, as described below. We quantified the cell body fluorescence using the circle function in 3) Puncta extraction: Fluorescence intensity along the axon was analyzed using custom software written in Igor Pro (Wavemetrics), as described previously 3, 4 . Briefly, puncta were detected if 2x brighter than the median plus 20% standard deviation, and 0.3-10 µm long. These puncta corresponded to large clusters of DCVs, and were further analyzed to extract their fluorescence intensity, density per µm and width at half maximum. We also extracted the area under the curve, a measure of total fluorescence in the axon. The puncta-to-median ratio corresponds to the mean puncta fluorescence divided by the median fluorescence. Five mutants were suboptimal for linescan analysis because they lacked axonal fluorescence: unc-104, unc-108, hid-1, xbp-1, and ire-1. For these mutants the t-statistical differences are underestimated for the axonal parameters.
4) Clustering Analysis
) was used as a numerical score to represent the statistical difference between wild type and mutant animals for each parameter: cell body fluorescence, puncta fluorescence, puncta density, width at half maximum, and area under the curve. This created a numerical profile of phenotypes for further analysis. Correlation analysis was performed in Igor Pro (Wavemetrics).
Hierarchical clustering was performed with Cluster 3.0 5 ; the 24 clustering methods used were all combinations of 6 distance measures (uncentered correlation, centered correlation, Spearman's Rank, Kendall's Tau, City-Block and Euclidean distance) and 4
linkage methods (maximum, minimum, centroid and average) (Supplementary Figure 2) .
We identified several robust clusters based on stringent criteria, that required clusters be detected by ≥10 of the 24 different clustering strategies used. The phenotypic profiles in these clusters also had to be significantly correlated (p<0.05 with Bonferroni Correction).
Using Uncentered Correlation as a distance measure reproduced most of the robust clusters identified in our dataset, justifying its use for the visual representation in Fig. 3 .
Custom software written in Igor Pro (Wavemetrics) was used for all other clustering analysis, including the generation of the numerical scores for clustering and counting the number of times a cluster of genes appeared across the 24 combinations of clustering algorithms.
5) Data visualisation:
The dendrogram and heat maps were visualized with JavaTree 6 .
For visualization, positive and negative t-statistics (red and blue shading, respectively)
indicate an increase or decrease, respectively in a given parameter in the mutant compared to wild type. The magnitude of the score is indicated by the shading intensity.
The highest t-statistic score observed is 12 and is represented by the brightest shading intensity. The t-stat comparisons of the wild type phenotypes of OQ50 to OQ51 are in Supplementary Table 1 .
Co-localization studies. The 3D stacks spectral images were acquired using a Leica LSM 780 NLO confocal microscope with GaAsP detector and a 40x, 1.1 NA water objective. The 3D stacks were deconvolved using Huygens (SVI) prior to colocalization.
For Fig. 5 , the % of co-localized voxels was determined after automatic thresholding using Imaris 3D (Bitplane). As a negative control, we verified the co-localized voxels with the same settings but using sub-resolution TetraSpeck microspheres (ThermoFisher).
For Moving particles were defined as any bright particle that was displaced by ≥ 3 pixels in successive time frames in the kymograph, and stationary particles were defined as any particle that was immobile for >3 consecutive frames. The % Time in each category was extracted for all particles. The start and end of each Run event was defined by pauses or reversals of particle movement, allowing run velocity to be extracted. The mean anterograde and retrograde velocity were calculated independently. The net velocity is calculated for all events together.
Coelomocyte assay. To measure activity-induced release of INS-1-Venus, worms were synchronized as described above and raised to adulthood at 21% O 2 . At adulthood, the worms were maintained for 2 hrs either at 7% O 2 , or at 21% O 2 ( Fig. 2 and 7) .
Coelomocyte fluorescence was quantified as described above.
Electrophysiology. Microdissection of C. elegans and electrophysiological methods were as described previously 7 . Membrane currents were recorded in the whole-cell configuration using an RK-400 patch-clamp amplifier (Bio-Logic, Claix, France).
Acquisition and command voltage were controlled using pCLAMP9 software driving a 1322A Digidata (Molecular Devices, Sunnyvale, CA, USA 
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